Description 



REAL TIME PAVEMENT PROFILE INDICATOR 
Technical Field 

This invention relates generally to a method and apparatus for 
determining a smoothness of a pavement and, more particularly, to a method and 
apparatus for determining a change in elevation of a pavement that is indicative 
of a profile of the pavement. 

Background 

It is common to analyze and determine the quality of a pavement 
in terms of a profile of the pavement; that is, how much the pavement changes in 
elevation for a given distance. For example, it may be desired to maintain a 
pavement profile that does not exceed plus or minus 10 mm for every 2500 mm 
sampled distance. A profile which exceeds this value would require work to be 
performed on the pavement to reduce excessive deviations from a smooth 
pavement profile. The excessive profile may be caused during new construction, 
or perhaps during a re-paving operation. ' 

Typically, special machines, known as profilographs, are used to 
determine the profile of the pavement. A typical profilograph has a leading 
wheel toward the front end of the machine, a trailing wheel toward the back end 
of the machine which is separated by a relatively long distance fi-om the leading 
wheel, and a measuring wheel at some point near the middle of the machine. The 
measuring wheel is configured to measure deviations of the pavement as the 
machine moves. The linear changes in elevation indicate the profile. 

During paving operations, the paving work is completed, then the 
profilograph traverses the pavement recording the profile, including any 
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deviations which exceed allowable tolerances. The locations which did not meet 
standards would then require additional work, including the possibility of 
removing and replacing the new pavement. 

The above described process is very costly and inefficient, since it 
requires a dedicated machine which determines problem areas after the paving 
work is completed, and the possibiUty exists that some of the work will need to 
be repeated. It is desired, therefore, to be able to determine a profile of a 
pavement during real time, i.e., as the work is being performed. For example it 
would be desirable to be able to determine a profile and correct any out of 
tolerance areas during a work function such as compaction of the pavement. 

The present invention is directed to overcoming one or more of the 
problems as set forth above. 

Summary of the Invention 

In one aspect of the present invention a method for determining a 
profile of a pavement is disclosed. The method includes the steps of determining 
a slope of a mobile machine £is the mobile machine traverses the pavement, and 
determining a change in elevation of the pavement as a function of the slope and 
a distance from a first ground engaging member on the mobile machine to a 
second ground engaging member on the mobile machine, the change in elevation 
being indicative of a profile of the pavement. 

In another aspect of the present invention an apparatus for 
determining a profile of a pavement is disclosed. The apparatus includes a 
mobile machine having a first ground engaging member and a second ground 
engaging member, the first ground engaging member being a known distance 
fi-om the second groimd engaging member, a slope determining system located on 
the mobile machine, and a controller located on the mobile machine for receiving . 
a signal indicative of a change in slope fi-om the slope determining system, and 
responsively determining a change in elevation of the pavement as a function of 
the change in slope and the distance between the first and second ground 



engaging members, the change in elevation being indicative of a profile of the 
pavement. 

In yet another aspect of the present invention a method for 
determining a deviation from a profile specification of a pavement is disclosed. 
The method includes the steps of establishing a maximum allowable change in 
slope of the pavement, the maximum allowable change in slope being a fiinction 
of a maximum allowable profile deviation of the pavement, the maximum 
allowable profile deviation being indicative of the profile specification, 
monitoring a change in slope of a mobile machine as the mobile machine 
traverses the pavement, and determining a condition of the change in slope being 
greater than the maximum allowable change in slope. 

Brief Description of the Drawings 

Fig. 1 is a diagrammatic illustration of a mobile machine suitable 
for use with the present invention; 

Fig. 2 is a block diagram illustrating a preferred embodiment of 
the present invention; 

Fig. 3 is a block diagram illustrating another aspect of a preferred 
embodiment of the present invention; 

Fig. 4 is a diagrammatic illustration of a mobile machine 
traversing a pavement having an increase in slope; 

Fig. 5 is a diagrammatic illustration of a mobile machine 
traversing a pavement having a decrease in slope; 

Fig. 6 is a flow diagram illustrating an aspect of a preferred 
method of the present invention; and 

Fig. 7 is a flow diagram illustrating an alternate aspect of a 
preferred method of the present invention. 



Detailed Description 

Referring to the drawings and the appended claims, a method and 
apparatus 100 for determining a profile of a pavement 104 is shown. 

Referring specifically to Fig. 1 , a mobile machine 1 02 is shown 
traversing a pavement 104. The mobile machine 102 has a first ground engaging 
member 106 and a second ground engaging member 108. The first and second 
ground engaging members 106,108 are spaced a known distance fi-om each other. 
The mobile machine 102 of Fig. 1 is shown specifically as a compactor 110. 
Ho wever, the mobile machine 102 may be some other types of rnacliiiie, such as 
a machine dedicated to measuring a profile of the pavement 104, a truck or other 
vehicle, and the like. In the description below, a machine that may include any of 
a variety of types of machines, including a compactor, is denoted as a mobile 
machine 102 and a machine that is specifically designated as a compactor is 
denoted as a compactor 110. 

The profile of the pave ment 104 r^ers to variations in the vertical 

elevation of the pavement 104-over a given horizontal distanbe. For example, it 

/"^ \^ ' ^ ^ — ^ 

may be desired to have a profile that does not exceed a 10 mm variation vertically 

over a horizontal distance^of^t^ doo mm. It is noted that the profile refers to the 

smoothness of the pavement 104 and not to an actual slope. For example, a 

pavement that follows an incline of 5 degrees would rise 437 mm for every 5,000 

mm distance. The profile, however, would be any variations of that desired rise, 

thus referring to how smoothly the pavement follows the 5 degree rise. 

Referring to Fig. 2, a block diagram illustrating a preferred 
embodiment of the present invention is shown. 

A slope determining system 202, located on the mobile machine 
102, determines the slope of the mobile machine 102 as the pavement 104 is 
traversed. The slope determining system 202 preferably determines the slope in 
angular terms, e.g., the number of degrees of angular slope of the mobile machine 
102. The slope determining system 202 may include an inclinometeva laser 
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plane system, or some other suitable device for determining angles with a high 
degree of precision. 

A position determining system 204, located on the mobile 
machine 102, determines the position of the mobile machine 102 with respect to 
the pavement 104. The position determining system 204 may be any of a variety 
of types. For example, a global positioning satellite (GPS) system may be used 



to determine the position of the mobile machine 102 in geographic coordinates. 
Altematively^;;a^ad£ecto may be used to determine the position of 

the mobile machine 102 as a function of a distance traveled on the pavement. ^ 
Other types of position determining systems may be used as well, such as, for 
example, laser plane systems, and combinations of systems such as GPS and dead 
reckoning. 

A controller 206, located on the mobile machine 102, receives a 
signal from the slope determining system 202 which is indicative of an angular 
slope of the pavement 104. In the preferred embodiment, the controller 206 is 
processor-based, such as by use of a microprocessor. The controller 206 then is 
adapted to determine a change in elevation of the pavement 104 as a function of 
the angular slope and the distance between the first and second ground engaging 
members 106,108. The change in elevation is indicative of a profile deviation of 
the pavement 104. For example, if the distance between the first and second 
ground engaging members 106,108 is 3,150 mm and the slope determining 
system determines an angular slope of 0.23 degrees, the change in elevation is 
readily determined by multiplying the distance (3,150 mm) by the sine of 0.23 
degrees, thus obtaining 12.6 mm as the change in elevation over a distance of 
3,150jnm- 

The controller 206 is also adapted to receive a signal from the 
ining system 204, and responsively determine the location of the 
the mobile machine 102 traverses the pavement 104. 
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In one embodiment, the mobile machine 102 is the compactor 110, 
'and the controller 206 is further adapted to control an amount of compaction 
sither during the current pass or during a future pass at the determined location. 

In another embodiment, as illustrated in Fig. 3, the mobile 
machine 102 and the compactor 110 are separate machines. The mobile machine 
102 includes the slope determining system 202, a first position determining 
system 306, and a first controller 302 which performs the same functions as 
described above with respect to the controller 206 except that the first controller 
306 does not control an amount of compaction. The compactor 1 10 include.? a 
second position determining system 308 and a second controller 304. The second 
position determining system 308 operates in a similar manner to the first position 
determining system 306, and may or may not be of the same type, e.g., GPS, dead 
reckoning, and such. 

The first controller 302 determines the locations of the pavement 
104 which have deviations fi-om a smooth profile which exceed desired levels, as 
described above. The information fi-om the first controller 302 is then delivered 
to the second controller 304 by some method (not shown), such as wireless data 
communications, manual downloading, and the like. Methods of delivery of 
information between mobile machines is typically well known in the art and 
needs no further discussion. 

The second controller 203 may then control the amount of 
compaction of the compactor 1 10 as the locations in the pavement 104 are 
traversed. In the preferred embodiment, the second controller 304 increases the 
amount of compaction in response to a positive profile deviation being greater 
than a maximum allowable positive profile deviation, and decreases the amount 
of compaction in response to a negative profile deviation being greater than a 
maximiun allowable negative profile deviation. 

Referring to Figs. 4 and 5, diagrammatic illustrations of a mobile 
he 102 traversing a portion of pavement 104 having a change in slope is 



shown. Typically, a change in slope which would be of concern would be less 
than one degree change in slope for a distance of about 5,000 mm of pavement 
104, for example 0.23 degrees. Fig. 4 shows a positive change in slope by an 
angle ai and Fig. 5 shows a negative change in slope by an angle a2. The 
compactor 110 would preferably be controlled to increase the amount of 
compaction in Fig. 4 to reduce ai and would decrease the amount of compaction 
in Fig. 5 to reduce 0.2. 

Referring to Fig. 6, a flow diagram illustrating a first embodiment 
of a preferred method of the present inventiGn is shov/n. The flow diagram of 
Fig.<6 depicts a method for determining a profile of a pavement 104. 

In a first control block 602, an angular change in the slope of the ^ 
pavement 104 is determined as the mobile machine 102 traverses the pavement 
104. Preferably, the^angular change is determined by the slope determining 



system 202, e.g. , an inclinomete r. J /j/ -2 ^ ? 

In a second control block 604, a change in elevation of the 
pavement 104 is determined as a function of the'^gular'slope^nd the distance 
from the first ground engaging member 106 to the second ground engaging 
member 108. In the preferred embodiment, the controller 206 determines the 



change in elevation using, for example^ trigonometric calculations, as described 
above. 




In a third control block 606, the location of the change in elevation 
is determined, preferably by use of the position determining system 204. The 
location may be determined in terms of geographic coordinates, or alternatively 
in terms of a distance along the pavement 104 as the mobile machine 102 travels. 

In a foxirth control block 608, an amoimt of compaction is 
controlled as a function of the profile deviation at the determined location. In one 
embodiment, the mobile machine 102 is the compactor 110 and the amount of 
compaction is controlled during the current pass in which the change in elevation 
is determined, i.e., in real time. In another embodiment, the mobile machine 102 
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is the compactor 110 and the amount of compaction is controlled during a future 
pass at the determined location. More specifically, the compactor 110 determines 
a change in elevation during a first pass, and controls the amount of compaction 
during a second pass. In yet another embodiment, the mobile machine 102 and 
the compactor 1 1.0 are separate machines, the mobile machin£j02^determines a 
change in elevation, the information is delivered to the compactor 110, and the 
compactor responsively controls the amount of compaction at the determined 
location. 

^* [351 Preferably, as described above, the amount of comoaction is 

p increased if the profile deviation is determined to be positive, and the amount of 

^ compaction is decreased if the profile deviation is determined to be negative. 

Q [36] Referring to Fig. 7, a flow diagram illustrating a second 

K> embodiment of a preferred method of the present inventionis.shown. The flow 

diagram of Fig. 7 depicts a method for determining a deviationfrom a profile 
fU specification of a pavement 104. 

[37] In a first control block 702, a maximum allowable change in the 

O slope of the pavement 104, i.e., the profile of the pavement 104, is established. 

The maximum allowable change is preferably expressed as an angle of slope and 

is preferably a fimction of the profile-speGification^ 

[38] / In a second control block 704, the angular slope of the pavement 

104 is monitored as the mobile machine 102 traverses the pavement 104. 
Preferably, the slope is monitored by use of the slope determining system 202, 



e.g., anmclinomet^P 



[39] ""BTa'first decision block 706, it is determined if an angular change 

in slope of the pavement 104 is greater than the maximum allowable change in 
slope. More specifically, it is determined if a positive angular change in slope is 
greater than a maximum allowable positive change in slope, or if a negative 
change in slope is greater than a maximum allowable negative change in slope. 



If the change in slope is greater than the maximum allowable 
change in slope, control proceeds to a third control block 708. In the third control 
block 708, the location of the pavement 104 is determined which has the change 
in slope which exceeds the maximum allowable change in slope. 

In a fourth control block 710, an amount of compaction is 
controlled at the location of the pavement 104 having an angular change in slope 
which is greater than the maximum allowable change in slope. Preferably, the 
amount of compaction is increased if the positive change in slope is too great, 
i.e., the pavement 104 is too high, and the amount of compaction is decreased if 
the negative change in slope is too great, i.e., the pavement 104 is too low. 

Industrial Applicability 

As an example of an application of the present invention, 
construction of a new pavement or re-paving a currently existing pavement 
requires compaction of the pavement material to meet quality standards for a 
pavement profile. One of the primary standards to meet involves the smoothness 
of the profile itself; that is, a profile which is level within certain tolerances. The 
present invention allows for a determination of the profile of the pavement during 
the compaction process, rather than after work is completed. Thus, corrections to 
the compaction process may be made as the work is being performed. In one 
aspect of the present invention, the determination of pavement profile and the 
compaction process may be performed by the same machine, i.e., the compactor, 
as compaction takes place, thus eliminating the need for an additional machine. 

Other aspects, objects, and features of the present invention can be 
obtained from a study of the drawings, the disclosure, and the appended claims. 



